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(54)Tide: SELF-LUBRICATING POLYBENZIMIDAZOLE^CONTAINING COMPOSITION 



(57) Abstract 



A composition, containing a polymeric blend and inter- 
nal lubricants, wherein said blend consists essentially of from 
about 60 to about 100 weight percent of polybenzimidazole and 
from about 0 to about 40 weight percent of poIy(aryletherke- 
tone), and said lubricants consist essentially of graphite and 
boron nitride in a weight ratio of about 1 :10 to about 10:1, re- 
spectively. The polymer solution is pumped from a reservoir 
through a filtering system (28) before feeding it through the first 
inlet of nozzles (22). To aid atomization, a gas such as air or ni- 
trogen is fed into a second inlet of the nozzles (22). An atomiza- 
tion reactor system is utilized to form the highly porous parti- 
cles of the invention. The reaaor system (10) has a cylindrical 
vessel (12) with upstanding side walls (14) and a coneshaped 
bottom (16) with an outlet (18) equipped with a particle separa- 
tion system (20). Many nozzles are contained within the reactor. 
A recirculation pump (26) maintains suspension of the rounded 
particles in the non-solvent solution prior to discharging 
through outlet (18). 
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SELF-LUBRICATING POLYBENZIMXDAZOLE-CONTAINING COMPOSITION 

5 



PTE1.D OF THP! TWPKFTTnKT 

The present invention is directed to a 
10 polybenzimidazole-containing contposition containing 
internal lubricants and processes for the preparation of 
the con^osition. The coxtposition is useful for forming low 
friction, shaped articles including bearings, bearing 
sleeves, rings, etc. 

15 

BACKGROUND OF THE T NVENTTQW 

Polybenzimidazoles and poly (azyletherketones) are 
polymers of high thermal stability and excellent resistance 
to oxidative and hydrolytic degradation. Polybenzimidazole 

20 and poly (aryletherketone) blends are known for their 
excellent mechanical, thermal and chemical resistance 
properties. U.S. Patent No. 4,912,176 to Alvarez et al., 
herein incorporated by reference in its entirety, discloses 
blends of polybenzimidazole and poly axyleneket ones and 

25 sintered articles produced therefrom. Alvarez '116 further 
discloses that polybenzimidazole/ poly (aryletherket ones) 
may be formed into article such as gaskets, seals, valve 
seats and 0-rihg backups* 

30 However, thesepolybenzimidazole/poly (aryletherketone) 

articles are not highly durable and wear resistant when 

1 



BUSDOCtD: <WO__9323459Al_l_> 



wo 93/23459 PCr/US93y02aSl 



subjected to friction environments « These articles tend to 
over heat and degrade tinder low friction conditions after 
short periods of time. It is desirable to produce a 
polybenzimidazole-containing composition that exhibit good 
5 mechanical and. physical properties as well as wear 
resistance in frictional environments. 

BRIEF DESCRT PTTON OF THE DRAWINGS 
While the specification concludes with claims 
10 particularly pointing out and distinctly claiming the 
present invention, the present invention will be better 
understood from the following description and figures in 
which: 

15 pzo. 1 is a schematic view in elevation of an 

atomization reactor utilized to form particles of the 
invention; and 

PIG* 2 is a front view in elevation of a heat treating 
20 shell system utilized for shaped articles of the invention. 

SUMMARY OF THE INVENTION 

The present invention is directed to a polymeric 
invention containing internal lubricants being suitable for 

25 forming a low frictiont shaped article containing from 
about 65 to about 85 weight percent of a polymeric blend 
and from about 15 to about 35 weight percent of internal 
liibricants, wherein said blend consists essentially of from 
about 60 to about 100 weight percent of em aromatic 

30 polybenzimidazole and from about 0 to about 40 weight 
percent of poly (aryletherke tone) # and said lubricants 

2 
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10 



15 



20 



25 



consist essentially of graphite and boron nitride ±n a 
weight ratio of about 1:10 to about 10:1, respectively. 

DETATLEP D¥;SC!RTPTTON OP TOE TNVEyprTQW 

Tti^ Polymeric Blend 
Generally, the aromatic polybenziinidazole useful in 
the present coinposition may be any polybenzimidazole resins 
Icnown to those skilled in the art. lypical polymers of 
this class and their preparation are more fully described 
in U.S. Patent No. 2,895,946; U.S. Patent No. Re. 26,065; 
and the Journal of Polymer Science, Vol. 50, pages 511-539 
(1961) , which are herein incorporated by reference in their 
entirety. These polybenzimidazoles consist essentially of 
recurring units of the Formula I: 

Formula Z is: 



the formula: 

wherein is O, SO^, CHaCH, CtCFj)^ or (CH,), and wherein x 
is an integer of from 1 to 4; and Ar' represents a divalent 
aromatic moiety having the formula: 




wherein Ar^ 



represents a tetravalent aromatic moiety having 
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wherein is O, SO^, CH=CH, CtCF,), or (CH^). and wherein x 
is an integer o£ from 1 to 4. 

5 A useful polybenziirddazole for use in the present 

invention is poly-2 , 2 • - (za-phenylene) -5,5' -bibenziinidazole. 

The preferred polybenz imidazole is Celazole* U-60 from 
Hoechst Celanese Corporation. 

10 

Poly (azyletherket ones) and methods of preparation are 
well known to those skilled in the art. Suitable methods 
for preparing the poly(azyletherketones) of the invention 
are disclosed in U.S. Patent Nos. 3,441,538; 3,442,857; 
15 3,516,966; and 3,652,409 all of which are herein 
incorporated by reference in their entirety. 

The preferred poly (aryletherketone) is poly etheretherket one 
(PEEK) having recurring units of the fomula: 

20 
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A L 

prefer 

red polyetheretherketone powder is available from ICI as 
Victrex 150 PF'* and has a molecular weight of about 150. 

10 

Generally « thepolybenzimidazole/poly (aryletherketone) 
blend useful for foroiing the self-lubricating composition 
of the present invention contains from about 35 to about 
100 weight percent of an aromatic polybenzimidazole and 

15 from about 0 to about 65 weight percent of 
poly (aryletherketone) . oypically, the blend will contain 
from about 40 to about 95 weight percent of 
polybenzimidazole and from about 5 to about €0 weight 
percent of poly (aryletherketone) , based on the total weight • 

20 of the blend. 

PolvTBeric Blend Solution Preparation 
The polymeric blend of the invention are generally 
formed from a polymeric solution (i.e., dope). The 

25 polymeric solution may be prepared by separately or jointly 
dissolving a polybenzimidazole and poly (arlyetherketone) 
resin in a suitable solvent. While any substance that will 
dissolve both resins is suitable for forming the solution 
of the invention, typical solvents are N,N*- 

30 dimethylacetamide, N,N» - dime t hy 1 f ormami de , 
dimethylsulf oxide, and N-methyl-2-pyrrolidone, formic acid, 

5 
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acetic acid, sulfiiric acid, polyphosphoric acid, and 
inethanesulfonic acid. Particularly, the preferred solvent 
is N,N'-diinethylacetainide (DMAc) having a concentration of 
from approximately 90 to approximately 100 percent, and 
5 preferably approximately 99 percent by weight. 

Methods of dissolving the polymers in a variety of 
solvents are known to those skilled in the art. One 

10 suitable method requires drying the starting polymers to a 
moisture level of about 2 weight percent in a vacuum oven 
at a texnperatoire of abouU lOO^C to about 160^C for about 10 
to about 16 hours. Preferred conditions for dissolving the 
polymers coirprise heating the mixture of polymer and 

15 solvent in a stainless steel reactor at a pressure of from 
about 2 to about 7 atmospheres for about 2 hours at a 
temperature of from about 25^ to about 125^0. The 
resulting solution is preferably filtered to remove az^ 
undissolved polymer prior to being processed. Optionally, 

20 the two polymers may be individually dissolved in the 
solvent and subsequently mixed together in the desired 
proportions. 

The solution or dope of the polymeric resin dissolved 
25 in a suitable solvent generally contains from about 5 to 
about 35 percent by weight of polymer solids, based on the 
total weight of the solution- lypically, however, the 
solution will contain from about 10 to* about 30 percent by 
weight of eolids, and preferably, the solution will contain 
30 about 25 percent by weight of polymer solids, based on the 
total weight of the solution. 
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25 
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The lubricants useful in the polymeric composition of 
the present invention include graphite crystals and fibers, 
boron nitride, and mixtures thereof. Preferably, the 
liabricants contained in the composition will include 
graphite crystals (i.e, particles), graphite fibers and 
boron nitride powder. The preferred particulate (i.e.. 
powder) graphite lubricants are those distributed by 
Superior Graphite Co. under the names Crystalline Graphite, 
High Purity Grade 4939'", Ciystalline Graphite Grade 4735™, 
and Crystalline Graphite 4935™. The preferred graphite 
fibers which also act as a filler or reinforcement agent 
are Magnamite Fibers 1810AS™ distributed by Hercules. The 
boron nitride useful in the composition is distributed by 
Union Carbide under the trade name UCAR Boron Nitride 
Powder Grade HCP™. 

The PQunljnq ftgpTir 
A coupling agent is utilized bind the components of 
the polymeric composition together. The agent may contain, 
as an active ingredient, neoalkenolate-tris (3- 
ainino)phenylato2irconium (VI). The preferred coupling 
agent is N209 distributed by Petro Chemicals. A mixture of 
about 90 wt% of N209 and about 10 wt% of PBI particles are 
blended together to form an NZ09 Master Batch. 

The PQlvmprir Comnosi^inn 
The polymeric composition of the invention which is 
suitable for forming a low friction shaped article contains 
from about 25 to about 35 weight percent of 
polybenzimidazole, from about 40 to about 50 weight percent 
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of poly (aryletherket one ) , from about 10 to about 15 weight 
percent of graphite fibers, from about 5 to about 15 weight 
percent of graphite powder, from about .1 to about 5 weight 
percent of boron nitride, and from about J. to about 5 
5 weight percent of a coupling agent, based on the total 
weight of the conposition. Preferably, the polymeric 
coirposition will contain about 27.5 weight percent of 
polybenzimidazole, about 40.5 weight percent of 
poly(a3cyletherketone) t about 12.25 weight percent of 
10 graphite fibers, about 10.2 weight percent of graphite 
particles, about 3.0 weight percent of boron nitride, and 
about 2.55 weight percent of coupling agent. 

After preparation of the polymeric solution, the 
15 filler and lubricants are thoroughly mixed therewith to 
form a polymer- lubricant slurry. Initially, the lubricants 
(i.e., graphite and boron nitride) are dry blended in 
suitable proportions and added to the polymeric solution to 
form a slurry. Adding the Ixibricants to the polymeric 
20 solution is believed to cause in polymer encapsulation of 
the lubricants which results in shaped articles eadiibiting 
improved strength and modulus* 

Particles of the polymeric composition of the 
25 invention may be formed from the slurry by precipitation 
and spray-atomizat ion/ quenching of polymer- lubricant 
slurry. 

Generally, the method of forming particles by 
30 precipitation requires the combination of the slurxy and a 
non-solvent. The slurry, containing the polymeric solution 

8 
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and lubricants may be added to a suitable non-solvent 
(i.e., direct precipitation) or the non-solvent may be 
added to the slurry (i.e., reverse precipitation). In 
either case the components are nixed together while 
5 tindergoing constant shearing, and an excess amount of non- 
solvent is utilized to precipitate all the particles out of 
the polymeric solution. 



10 An atomization reactor system, as illustrated in FIG. 

1, is utilized to form the highly porous particles of the 
invention. The reactor system (10) has a cylindrical 
vessel (12) with upstanding side walls (14) and a. cone- 
shaped bottom (16) with an outlet (18) equipped with a 

15 particle separation system (20). Typical reactor 
dimensions are about 36 inches in diameter by about 37 
inches in height. A plurality of nozzles are contained 
within the reactor. The first set of nozzles (22), 
slidably attached to the top-center of the reactor, are 

20 utilized to atomize the resin solution downwardly into the 
reactor. A second set of nozzles (24), equaling about four 
times the quantity of the first nozzle set, separated into 
an equal number of rows (i.e. four), equally spaced and 
attached to the reactor side walls at positions well below 

25 the first nozzle set, are utilized to atomize the non- 
solvent component in a direction perpendicular to that of 
the resin solution and horizontally into the reactor to 
create an aggregation zone. recirculation pui^p (26) is 
positioned in the bottom of the reactor to maintain 

30 suspension of the rounded particles in the non-solvent 
solution prior to discharging through outlet (18). 

4 
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The atomization nozzles, manufactured Spraying 
Systems of Wheaton, Illinois, produce a wide-angle rotinded 
spray pattern using a No. 1 spray set-up containing Fluid 
Cap 2050 and Air Cap 64. Under normal operation at 60 psi 
5 the nozzles are capable of delivering 0.79 gallons of 
liquid per hour at a "spray angle of about 18 degrees. The 
polymer solution is punsped from a reservoir through a 
filtering system (28) to remove undissolved resin before 
feeding it through the first inlet of nozzles (22) . To aid 

10 atomization, a gas such as air or nitrogen is fed into a 
second inlet of the nozzles (22) as is typical of gas- 
operated atomization nozzles. These nozzles (22) are 
suspended along the upper-vertical axis of the reactor in 
such a way as to spray fine droplets of the resin solution 

15 down into the reactor. The non-solvent component (e.g. 
water or alcohol) is fed into a first inlet of each of the 
second set of nozzles (24) while a compressed gas such as 
air or nitrogen is fed into a second inlet of each second 
nozzle (24) to aid in atomization. When the non-solvent 

20 component is water, from about 1 to about 2 weight percent 
DMAc is sometimes added to dilute the solvent. If the 
solvent is not adequately diluted the precipitated 
particles will often remain soft and may agglomerate. 

25 During operation of the reactor, the polymer solution 

aerosol jet is discharged from the first set of nozzles 
(22) downwardly into the atomized atmosphere of the non- 
solvent coxr^onentc which is discharging horizontally into 
the agglomeration- (i.e. reaction) zone (30) in the form of 

30 an aerosol jet from the second set of nozzles (24) to form 
highly porous particles. An initial quantity of non- 
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solvent component, e^g, water, is. accuanulated in the 
reactor bottom to maintain suspension of the highly porous 

^ particles as th^ are formed, as well as to con^lete any 

residual precipitation from solution that may be necessary. 

^ 5 IVPically, the reactor is operated at atmospheric pressure, 

but other pressures are possible. Ohe contents in the 
bottom of the reactor (i.e., polymeric particles suspended 
in the non-solvent component) are constantly recirculated 
to aid in suspension of the particles before discharging 
10 through outlet (18) • To separate the suspended particles 
from the solvent - non-solvent solution, the outlet of the 
reactor is typically equipped with a separation system 
(20) . The separation system can comprise any of several 
methods known in the art including vacuum filtration or 
15 centrifugation. For example, the particles can be 
collected on the filter and washed to remove residual 
solvent and non-solvent components, or the slurry can be 
centrifuged to produce a wet cake wliich can be washed and 
dried. The wet cake that results after filtration or 
20 centrifugation must be dried to a controlled or defined 
moisture content that assures adequate cold compactibility. 
One of several approaches can be adopted: 1- wet cake 
powder can be dried to lower non-solvent content {<7 wt%) 
and h\miidified to the desired moisture content (7-12 wt%) ; 
25 or 2- the wet cake powder can be dried directly to the 
desired moisture content (when the non-solvent is water) . 
Thereafter, the dried, free- flowing highly porous particles 
can be milled and screened if so desired to produce 
submicron particles. 

30 

In both of the methods described hereinbefore, the 

11 
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miscibility of the solvent and non-^solvent causes 
precipitation of the polymer particles which are collected, 
washed to remove residual solvent and dried. The non- 
solvent may be axxy solution which in miscible with the 
5 solvent but not the resin of the polymeric solution, 
oypical non-solvents useful with the solvents referenced 
hereinbefore include water and Cx to C4 aliphatic alcohols, 
i.e., methanol, ethanol, etc. The preferred non-solvent is 
water. 

10 

In the .case of coxnpositions containing higher 
concentrations of poly (aryletherket ones) , the composition 
may be extruded and injection molded into self- lubricating, 
15 shaped articles. In the case of compositions containing 
lower concentrations of poly (aryletherket ones) , the 
coirposition may be coinpressed into a densified, self- 
lubricating, shaped article utilizing the direct forming 
method and apparatus illustrated in FIG. -2. • 

20 

Ilef erring to FIG. 2, the polymeric composition (50) is 
placed into the molding means (52) followed by placing end 
plates (54) on each side of the coirposition. Next, the 

25 flowable resilient, conpactible material (56), e.g.. 
Graphite 9400™ from Superior Graphite, is placed in the 
molding means over the end plates in such a way that the 
can?)Osition is separated from the resilient, compactible 
material. Optionally, additional end piates can be placed 

30 over the resilient, compactible material to prevent any 
loss of material from the molding means, hereafter, the 

12 
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molding means (50) containing the aforementioned conponents 
is placed into a claxirping means comprising slidingly 
opposed base plates, consisting of a first base plate 
having a raised surface (58) and second base plate having 
5 a raised surface (58) connected by locking means (60) in 
such a way that the base plates raised surfaces . slidably 
contact the resilient coxnpactible material or optional end 
plates. A uniaxial pressure placed against the base plates 
to force the raised surfaces to slide inward and cause a 

10 pressure transmission to the polymeric material. The 
pressure is held constant by loc)cing means (62), and the 
heat treating shell system is placed into an oven 
containing an air or inert gas atmosphere such as nitrogen, . 
argon, etc., at the desired temperature for the desired 

15 time. Upon completion of the heat treating step, the 
pressure of the molding means is reduce to atmospheric 
conditions, the clanging means is disassexhbled, the molding 
means withdrawn therefrom, and the heat treated, shaped 
polymeric article is removed. During the process, the 

20 polymeric coir^osition is compacted by a pressure 
transmission from the pressurizing means to the clamping 
means to the resilient, conpactible material to the 
polymeric composition by way of the molding means. The 
process utilizes pressures ranging from approximately 2 to 

25 approximately 60 ksi, heat treating tentperatures ranging 
from approximately 2O0** to approximately 700® C, and heat 
treating times ranging from approximately 5 to 10 hours. 

Shaped articles such as bearings, bearing sleeves, 
30 rings and other self-lubricating article which exhibit good 
mechanical and physical properties may be formed from the 

13 
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composition o£ the present invention. 

The following exainples are general illustrations of 
preparing the polymeric composition of the invention. They 
5 are provided for purposes of exemplification only as should 
be appreciated from the foregoing discussion. 

EXAMPLE 1 

Prv Blend of PBT/PEEK and Boran Wit^ride-Qyaphite 
10 Composition 

To prepare a dry blend of a polymeric coinposition 
containing PBI^ boron nitride and graphite, the following 
components were utilized: 

15 378 gm of Celazole* PBX powder, 100 xnesh; 

611.7 gm of PEEK; 

168.4 gm of Graphite Fibers; 

140.2 gm of Graphite 4939; 

42 gm.of Boron Nitride powder; and 
20 34.4 gm of NZ09 Master Batch 

The resins, i.e., PBl and PEEK, were dried in a 
dehumidifier overnight at a ten^erature of 390®F. T?o a 
Henschel mixer operated at moderate speed, the lizbricants 

25 and filler were added and sheared for about 5 minutes; 
thereafter, the resin powders were slowly added to the 
mixer and sheared an additional 10 minutes after. Finally, 
the coupling agent (NZ09 Master Batch) was added to the 
mixer, and the blend was sheared for an additional 5 

30 minutes. The blend was extrudid utilizing a multizone, 
twin' screw extruder operated at of 350 rpm, a feeder 
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ten^erature of 175®C, a torque of from 27 to 70%, zone 
tentperatures of from 425 to 470^0; the feed rate of the 
blend was from about 15 to 52 Ibs/hr to form pellets. The 
pellets were dried at a temperature of 325 to 390®F in a 
5 forced air descant oven. Thereafter, the pellets were fed 
into an injection mold operated at conventional pressure, 
velocity and cycle time settings, a nozzle temperature 
setting of 750^ to 825<>F, and barrel temperature setting of 
800^ to 825^^ to form disk for mechanical and tribological 
10 analyses. 

COMPARATIVE EXAMPLE 2 
Dry Blend of PBT and 5 wt% Granhit!^ Coniposition 
A sufficient quantity of PBI resin, 100 mesh was 
15 dehumidified overnight at 390<>F, 431 gm of this resin and 
22.68 gm of Graphite 4939 were slowly added to a Henschel 
mixer operated at a moderate speed. Upon completion of the 
addition, the blend was sheared for 10 minutes. The dry 
blend was compression molded utilizing the apparatus in 
20 FIG. 2 at a temperature of 890<>F and a pressure of 40 tons 
for 4 hours to form disks. After cooling, the disks were 
removed from the mold for mechanical and tribological 
analyses . 

25 COMPARATIVE EXAMPLE 3 

Dry Blend of PBT and 10 wt:% Granhit^e Comnos j t S r>n 
The procedures of Comparative Example 2 were utilized 
to prepare a dry blend containing 408.6 gm of PBI resin, 
100 mesh and 45.4 gm of Graphite 4939 » !rhe blend was ball 
30 milled for 2 hours and compressed into disks utilizing the 
procedure and apparatus of Comparative Example 2. 

15 
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Mechanical and tribological analyses were performed on the 
disks . 

5 EXAMPLE 4 

Precipitatinn of PBT and Boron Witride-Graphite 

Utilizing a 26*5 wt% PBI solution (standard dope) 

10 maintained at 50®C, a 7.5 wt% PBI solution was prepared ty 
mixing 85 gm of DMAc and 35.5 gm of the standard dope. 
Boron nitride and Graphite 4939 in the amounts of 27.5 gm 
and 27.5 gm, respectively were mixed with the dope speed, 
27.5 gm of boron nitride and graphite in a 10:1 weight 

15* ratio was added to this solution to form a slurry. To a 
Waring blender containing 1000 ml of water which was 
agitated sufficiently to vortex the solution without adding 
air# the slurry was slowly poured directly . into the 
shoulder of the vortex. PBI-lubricant particles- 

20 precipitated out of the DMAc when contacted with the water. 
After the solution addition was complete, additional water 
was added to the blender to bring the liquid level to one 
liter, and agitation was continued for an additional 2 to 
3 min. The solution was vacuum filtered through a No. 4 

25 Whatman filter. The precipitate was added to the blended 
containing 1000 ml of hot distilled water and agitated for 
3 to 5 minutes to remove any excess solvent. . After this 
procedure was performed three times, the precipitate was 
vacuimi filtered and dried in a vacutxm oven overnight at 

30 150**C. The dried polymeric coinposition was compressed into 
disks utilizing the apparatus and conditions of Comparative 

16 
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ExaiT^le 2. Mechanical and tribological analyses were 
performed on the disks. 

5 COMPARATIVE EXAMPLE 5 

Precipitation of PRT and Boron KTit^ride Cnmnn^^tAr^rx 

Utilizing a 26.5 wt% PBI solution (standard dope) 
maintained at 50^0, a 7.5 \rt% PBI solution was prepared by 

10 mixing 85 gm of DM\c and 35.5 gm of the standard dope. 
Boron nitride in the amount of 27.5 gm was mixed with the 
solution to form a slurry. A Waring blender containing 500 
ml of distilled water was agitated a sufficient speed to 
vortex the water without the addition of large amounts of 

15 air and the slurry was slowly poured directly into the 
water on the shoulder of the vortex. PBI particles began 
to precipitate from the solution. Ohereafter, the liquid 
level of the blender was brought to the 1 liter level hy 
the addition of water and the mixture was agitated for an 

20 additional 2 to 3 minutes. The mixture was poured into a 
Buchner funnel and filtered. The precipitate was washed in 
the blender with 100 ml of hot distilled water for about 3 
to 5 minutes, and the water was decanted from the solids. 
After this procedure was repeated three times, the final 

25 wash was filtered to form a cake which was dried overnight 
at 150«>C in a vacuum oven. The dried particles were 
compressed into disks utilizing the apparatus and procedure 
of Coxnparative Exaznple 2. Mechanical and tribological 
analyses were performed on the disks. 

30 

EXAMPLE 6 
17 
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Sprav-Atr oTnS^atioTi of PBT and Boron Nitride-Graphite 

Coiroosition 

To 12 wt% PBI solution containing 540 gm of PBI were added ^ 
27 gm of Graphite 49339 and 27 gm of HCP boron nitride to 
5 produce a slurry containing 5 wt%. of graphite and 5 wt% ^ 
boron nitride. The slurry was filtered to remove 
ixqpurities and any undissolved solids. Utilizing the 
apparatus of Figure 1, the slurry was fed through a pxait^iing 
system to the first set of nozzles at a rate of 12,4 cm^/min 

10 and a press\ire of 30 psi along with nitrogen gas at 15 psi 
was fed to the same nozzle to atomize the slurry. Water 
(75,700 gm) was purged with nitrogen for 48 hours followed 
by the addition of 764 gm (1 wt. %) of DMAc thereto. A 
portion of this water was ^itilized to provide a liquid 

15 layer in the bottom of the tank, and the excess water was 
feed to the second set of nozzles located in the tank at a 
rate of 1080 cmVmin assisted by nitrogen gas at 10 psiamd 
a pressure of 25 psi. Highly porous i rounded polymeric 
particles formed as a result of the operation were 

20 collected from the bottom of the . tank, filtered, 
centrifuged, washed and dried. These particles were Kadty^ 
milled for 1 hour at 90^0, and thereafter directly formed 
into disks utilizing the apparatus and conditions of 
Comparative Example 2. Mechanical and tribological 

25 analyses were performed on the disks. 

EXAMPLE 7 

RT^yav-^fQTuiy.atiQn of PBT /PEEK and 
30 Boron Nitride-Graohite Composition 

18 
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To a 12 wt% PBI solution containing 475.0 gm of PBI was 
added sufficient 35 wt% PEEK solution containing 768.6 gm 
of PEEK to prepare a polymeric solution coitqprising 38/62 
weight ratio of PBI to PEEK. A liabrication blend 
5 containing 176.2 gm of Graphite 4939, 211.6 gm of Magnamite 
Fibers 1810AS and 51.8 gm of HCP boron nitride was mixed 
together and added to the polymeric solution to form a 
slurry. The slurry was filtered and spray-atoxnized 
utilizing the apparatus and conditions of Example 6. ^e 
10 particles were formed into disks utilizing the apparatus 
and conditions of Comparative Example 2. Mechanical and 
tribological analyses were performed on the disks. 
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CLftlMS 

We claim; 

1. A polymeric cospositlon containing internal 
5 lubricants said coir^osition being suitable for 

forming a low friction. shaped article, 
conqprising . from about 65 to about 85 weight 
percent of a polymeric blend and from about: 15 to 
about 35 weight percent of internal lubricants, 

10 based on the total weight of the conposition, 

wherein said blend consist essentially of from 
about 60- to about 100 weight percent of an 
aromatic polybenzimidazole and from about 0 to 
about 40 weight percent of poly (aryletherketone) , 

15 and said lubricants consist essentially of 

graphite and boron nitride in a weight ratio of 
about 1:10 to about 10:1, respectively, and 
wherein said lubricants are well dispersed within 
the polymeric blend* 

20 

2. The polymeric coirposition according to Claim 1 
wherein the aromatic polybenzimidazole is poly- 
2,2'- (m-phenylene) -5,5' -bibenzimidazole . 

25 3. polymeric composition according to Claim 2 

wherein the poly (arlyetherketone) is 
poly etheretherketone . 



30 4. The polymeric coirposition according to Claim 3 
wherein the graphite is selected from the group 



20 



consisting of graphite fibers, graphite particles 
and mixtures thereof* 

A polymeric composition containing internal 
lubricants said composition being suitable for 
forming a low friction shaped article, comprising 
from about 25 ^o about 35 weight percent of 
polybenzimidazole, from about 40 to about 50 
weight percent of poly (ary let herket one ) , from 
about 10 to about 15 weight percent of graphite 
fibers, from about 5 to about 15 weight percent 
of graphite powder, from about 1 to about 5 
weight percent of boron nitride, and from about 
1 to about 5 weight percent of a coupling agent, 
based on the total weight of the composition- 

A self lubricating, shaped article formed from 
the polymeric con^osition according to Claim 5. 

A self-lubricating shaped article suitable for 
low friction applications prepared from a 
polymeric coirposition containing internal 
lubricants, said composition comprising from 
about 65 to about 85 weight percent of a 
polymeric blend and from about 15 to about 35 
weight percent of internal lubricants, based on 
the total weight of the composition, wherein said 
blend consist essentially of from about 60 to 
about 100 weight percent. of an aromatic 
polybenzimidazole and from about 0 to about 40 
weight percent of poly (axyletherketone) , and said 
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lubricants consist essentially of graphite and 
boron nitride in a weight ratio of about 1:10 to 
about 10:1, respectively* and wherein said 
lubricants are well dispersed within the 
polymeric blend. 

8. The polymeric conpositxon according to Claim 1 
wherein the aromatic polybenzimidazole is poly* 
2,2'- (m-phenylene) -5 , 5 • -bibenzimidazole. 

9, UtiB shaped article according to Claim 8 wherein 
the p o 1 y { a r y 1 e t h e r k e t o n e ) is 
poly ether etherketone . 

15 10. A self lubricating, shaped article containing 
internal lubricants said article being useful for 
forming a low friction applications, coxis>rising 
from about 25 to about 35 weight percent of 
polybenzimidazole, from about AO to about 50 

20 weight percent of poly (aryle therket one) , from 

about 10 to about 15 weight percent of graphite 
fibers, from about 5 to about 15 weight percent 
of graphite particles, from about 1 to about 5 
weight percent of boron nitride, and from about 

25 1 to about 5 weight percent of a coupling agent, 

based on the total weight of the composition. 

11. The self-l\2bricating article according to Claim 
19 selected' from the groii^ consisting of 
30 bearings, bearing sleeves and rings. 
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12. Lubricated polymeric composition coxnprising a 
high texTKperature aromatic polymer intimately 
combined with a lubricating system which consists 
essentially of graphite and boron nitride in a 
5 weight ratio of 10:1 to 1:10. 
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